Abstract-One of the challenges in WiMAX networks is to increase resource and power efficiency by optimizing the downlink (DL) burst construction. This paper proposes an energy-efficient scheme that maximizes the use of resources at the base station (BS) while reducing the energy wasted caused by sending padding bits instead of useful data. This paper presents the derivation of the general optimization problem that was formulated as a nonlinear integer programming model. A simple case formulation is used to illustrate the general application. The results show an improvement in data packing that maximizes the utilization of frames, and minimizes energy wastage.
I. INTRODUCTION
In WiMAX systems, the communication between BS and users is based on sending data through frames [1] . Figure  1 shows the frame structure based on Orthogonal Frequency Division Multiple Access (OFDMA), and which is represented in two domains: frequency domain (in units of subchannels) and time domain (in units of OFDM symbols) [2] . For mobile WiMAX, the frame occupies 5MHz in frequency domain and lasts for 5ms in time domain [3] . The time division duplexing frame is composed of DL and uplink (UL) subframes. DL data is packed into rectangular bursts in the DL subframe. The bursts are composed by slots representing the packets after being processed in the Medium Access Control (MAC) and PHY layers [4] . In addition, the DL subframe as shown in Figure 1 contains preamble used for synchronization, Frame Control Header (FCH) for control, DL-MAP and UL-MAP for DL and UL subframe descriptions and mapping of the bursts. DL MAP provides information to the user about the locations, sizes and profiles of the DL bursts holding the data. Thus, DL MAP size is related to the number of DL bursts constructed in the DL subframe [1] .
During the process of DL burst construction when the packets are fitted into slots that go in a frame, energy may be wasted when the resources are not optimally utilized and filled with useful data [5] .
In general, the transmitting power by one antenna at the BS ranges between 10W to 40W. Since the frame duration is 5ms, each frame uses a minimum 50 mJ of energy. To reduce energy, the number of transmitted frames should be minimized by reducing the number of unused slots. The problem becomes equivalent to optimizing DL bursts construction for maximum energy efficiency [6] [7] . For the general problem of frame construction, researchers used different heuristic approaches. For instance, Ben-Shimol et al. in [8] allocated slots units consecutively row by row in order to reduce unused slots caused by the rectangular bursts, which in turn increased the DL MAP fields overhead that map to a larger number of DL bursts. In [9] , Perez-Costa et al. placed rectangular DL bursts consecutively which increased the number of unused slots. This paper proposes an energy-efficient scheme that maximizes the use of resources at the base station while reducing the energy wasted caused by sending padding bits instead of useful data. To solve the problem, two steps are required: 1. Deriving the optimization problem formulation, and 2. Solving the formulation through an optimization solver or a simulation software. In general, the first step is more challenging. This paper presents the derivation of the general optimization problem, and a simple case formulation is used to illustrate the general application.
The rest of the paper is organized as follows. Section II describes the DL burst construction problem. Section III presents the formulation for optimal burst construction. Section IV shows the experiments and results. Finally, Section V presents the conclusion and future work.
II. PROBLEM DESCRIPTION
The packing of the bursts into the DL frame is not fully defined by the WiMAX standard which leaves room for flexibility and interpretation, and also provides opportunity for optimization. WiMAX standards only restricted the shape of the DL bursts to be rectangular. Many problems arise due to 978-1-4244-8274-0/10/$26.00 ©2010 IEEE Fig. 2 . DL subframe structure where DL bursts m1, n1 and n2 overlap this constraint. First, frame resources can be wasted in the form of unused slots within a burst due to the mismatch between the actual data size and the allocated burst size. Second, unallocated slots can exist within a frame when there are not enough slots left for another burst to fit in the frame or there are more slots than the data needs. Third, the bursts can be shaped flexibly which adds complexity of finding the best shape of DL bursts. As an example, a 4-slot burst can be shaped as 1x4 (frequency domain x time domain) slots or 2x2 or 4x1. Also, there can be large overhead in the DL MAP field of the frame, that holds the mapping information for the DL bursts as mentioned in Section I. All of these issues produce wasted slots that increase energy and resource wastage. Thus, the main objective is to pack the bursts in the DL subframe with minimum overhead and unused slots. The proposed method aims to find the locations and dimensions of the DL bursts that minimize the wastage of resources, and achieve an optimal DL burst construction.
III. FORMULATION FOR OPTIMAL DL BURST CONSTRUCTION
To solve the DL burst construction problem presented in Section II, the objective function shown in Table I is formulated to minimize the DL MAP overhead mapping to the number of bursts and the unused slots caused by the mismatch between the allocated and actual size of the packet by determining several values, called decision variables. These variables are:
1) The number A i of bursts representing each packet allowing the division of packet into several bursts 2) The location X ij of the burst j belonging to packet i in units of OFDM symbol in time domain and Y ij in units of subchannels in frequency domain respectively 3) The dimensions W ij and H ij in time and frequency domain respectively. The mathematical constraints summarized in Table I are derived from the following physical constraints:
1) The DL bursts should fit into the DL subframe.
2) The allocated size should be greater or equal to the actual size of the packet.
3) The DL bursts should not overlap as shown in Figure 2 where the DL bursts m1, n1 and n2 overlap (have slots Fig. 3 . Optimal packing using the proposed algorithm in common). This complete formulation shown in Table I gives the solution to the general optimization problem. This proposed algorithm can be implemented or solved through the use of nonlinear programming tools.
IV. EXPERIMENTS AND RESULTS
To illustrate the solution, a special case formulation was selected as is described in Table II . It assumed that a packet is represented only by one burst. 5 packets with the following sizes 25, 30, 40, 45, and 70 slots, were fed to the implemented algorithm. As shown in Figure 3 , the proposed solution packed the 5 packets in one frame with cost of 17 slots (DL MAP of 5 bursts) while the Raster algorithm used in [8] shown in Figure 4 had a higher cost of 32 slots (DL MAP of 11 bursts). In Figure 5 , the algorithm used in [9] could not pack the 5 packets; it needed to send 2 frames instead of one which required much more energy. Based on this example, the proposed algorithm showed an energy efficiency of 100% (full utilization of the frame) while the algorithms in [8] and [9] showed 93% and 58% respectively. This example provided clear illustration for the efficiency of the optimal DL burst construction to reduce energy usage. The efficiency shown in this example was expected since the solution is based on maximum usage of the frame, and minimum wasting of energy. However, the solution is still facing some limitations, including: 1. Generalizing the two if-statement conditions in Table I and II into proper forms of optimization constraints, and 2. Ensuring that the performance of the solver is within the 5 ms constraint of frame construction.
V. CONCLUSION In this paper, the formulation for the energy efficient DL burst construction problem was derived into a non-linear integer programming model. A simple formulation was used to illustrate the efficiency of the solution. Experiments confirmed the superiority of the method in data packing that maximized the utilization of frames, and minimized energy usage. In future work, the goal is to extend the conditions listed on the burst locations into proper forms of optimization constraints, and to increase the performance of the solver. Unused slots in packet i [
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